a9>B*B#fw (jp> 02) & §§ & $$ (a) (.iDmmmnm 

#112000-183451 
(P2000- 183451 A) 

(43)ftBBB ¥fiBl2*E 63303 (2000. 6.30) 

<5i)inta.' «!Mia# fi 

HOIS 5/10 HOIS 3/18 64 0 

5/34 676 



5F073 



»*«©»:9 OL (£12 S) 



(21)W»»^ 


ftBPflb-356330 


(71)fflHA 000001889 








(22)fflSB 


¥f£10*f.l2/} 15 B (1998. 12. 15) 


ARtf* □TOE*S 2 TB 5 # 5 ^ 












*E^^PTW(IE*a2TB5#5^ E 


















*Rj^arfc*IK#a2TB5S5# = 












(74)ft3SA 100098305 












F^— A(^#) 5F073 AAD4 AA13 M20 AA45 AA74 






CA07 C805 DA25 DA31 DA35 



(54) [SSWO**] ¥^W1?^43±tf*©«3fc*ifc 



(57) mm 

imtk^m V7T4Tmmie> (ooon mz. 

t7r>( Tffifg l co < 1 1 -20 > ^rifijtcTO^ffiinii 1 0 

l texvm i :'o 2 5r*^ai^5 1 o o *&m t . 

■9-7 r 4 Tffig 1 C0±ffi±=5r t>V£.m& 1 0 0 OfflB 
,1-0 iJdSitnSlHl P 2±fc. MQW|£ftI7$:-ttf 

aN^mil 5^ajS^+fc, angui oo<m 

'bio i_hfc*7r-f7i«i*> <oooi > mfctti 
z%&izmw% \ 1 1-20 > mimmtiz. fm&i 
o o^MHi o \±<7)Gai\immm \s<r>{ \ 1-2 

0} ffi^^g^ffi2 0 0fcUTfflV^. 




!(2) 000-183451 (P2000-18JL8 



[ii$3ti 1 v? r4Twm {oooi} mizz<?) 

WrATWm < 1 l-20> M*}lz¥fi%1$imZ1?t 

a i tM y a co4*5r < k i> 1 -? * £ tf $ l coMjb 

CO { 0 0 0 1 } Bjfc*a» 1 <9gM»¥?£#JIW < 1 

-io o > m^mm^th^^tm^ti. 
mm 1 0Mmjf&MM0±m±£W£imgm 

/WS^AfcJtM VV*) k i> l-ot^tim 

m®<vwmi.ti : m7 74 rwm < i x-2o>.*rt 
i t £#i8k-r mim2 tmmm&v 

AtskiH W*7 k.<ryy*£< k t> 1 ofc^iHiS i <7>mt 

mmmmm&zti. mminmtmmmm 
<o < o o o i > ffiiz-tvm i <nmMti&*mtim(?> < i 
-io o > jjfiizwnt^zitr&immiffifSizti. 
m&mm<m®m< mam i ^mmm^wm^ 
< o o o i ) miz, %m*i&-ij*o*i>m. m*? 

a, T/ws-^A^iMyv^Ac^SKki 
mz^iz®^K«^2<omik®mmmmmtf 

Xmm 5 i m^mma^y r 4 Twsxh o , mm 
tmmvmu^mm? r 4 twrv> < i i -20 > 
ffitto i k * watt- &isaiJB4iBa<vm9 

[tiM6] '«E^JdJRftH3iaHrc*9s mile 

sii»cofliffi{SB^ft*'f.*ie[co < 1 -1 0 0 > -ft® 

t^ffTfcSi k £*t®k*£fi£JB2 *fcli 4E**>. 
[-IKMI7 ] i rwm {0001}. WZ*;<r> 

vyrj i -wwi < 1 i -20 > umiz^n^ms^m- 

izmz®m&<7)W®±£. mm^^^^m. a 
y>A. TfrS-VAtoxtfij tt>i 



AijjtM y?VA<o'j?%< k i> 1 -9£#tfl& 1 <*>g<fc 

mmmmmmt . mm 1 osmh«w3wwb<o 
{oooi} miztvm imftmtmm*) < 1 -1 
oo> iifoizmfmm*ir?&mi$m!8.L. mi 
» 1 <ommmmmvm±.%wizmii®MM<7) 
mm±iz. mmi-kM^o*^^ #y>7A, r^s 

Afc«fctf4 >*J?&0yj?%< k i> 1 o^*tr» 1 <r>mc 

®%&mm&BtfL\>. mm 1 ^tm^mm^ 
{0001} m \zz<»%, 1 <?mmmmim<r> < 1 -1 
0 0 > m^n^mi^tht&mmmu mi 
mi£rtmm<mmi <^mmmm<r> \ 0 

0 01} It. OTJ^H^f, i(fy*A»'7 
^S^^AisJ:^ y ^Aco^< k i, 1 o^^m 
2coajk%^^«cS^xt^df k 

[0001] 

[j^*^*»«i^*]"aWM8tt» BN 
^) , GaN (fiMbyy^A) , A 1 N (S€T^5- 

<08tH»<0liI -v^M^^fi^ -'fHT, Stt^ 
[0002] 

li, GaN*^^S«yWfiEL-^V^y>. HSWt 
{i, -9"7r>fT(Al 2 0 3 )*ah(CGaNm^«c 

[0003] UpL&tffc,, ElTfc^-t.}: 3 fc. -9"7r 

tf-icUirvv, 01 OJi^7r-frS«t5J:lXGaN^ 

^ft®<io^ H wci<ow^^^rsrft5. hi oiza 
[0004] si o {csfct diz^774 ra«LBc 

^Sfl/CG a N^£#«s®iOaS8ifc«}:^b!KU±^7 r 
4 TSiRcT) afUfcitX bfRdtt IX 3 OSf^tV^ . 
[ 0 0 0 5 ] 0 1 1 lit7.T ^ TfflS±K^§n^G 

[000 6 ] 0 1 1 fctiV vc , >7 r>f T*R6 1 <T> 
( 0 0 0 1 ) SitGaNIM««7 'OWMjSflT 



!(3) 000 



-183451 (P2000-18JL8 



v>*. Ah rmwm&xmm 1 \t. g a rim- 

&#S7 0<7) < 1 0 00> imt£ftf.b&'>XM*- i 
GaN&¥gftS7 0(0 {1-10 0} ffl{i-9"7 
1<0 {1-100 } ffl£ffUt3 0£«VvC 
US. -9-7r^TlS«61i>J:tfGaNy«*17 0 
ttlc < 1-10 0 } BT'^RJt^vn 
[0 0 0 7] ZOXilZ, ?7T47&&6i tGaN 
Jf^f*7 oit^tWttWltV^feft, GaN 
.3M^l/r-9*F*IB4t*«&fc:.s GaAsSflLt 
tm$^S#fe^*feji:#^3t$:^-ri» G aAsl 

[00 08] 

wv-^rmm i cowmnm t i>x. g a N^g* 

Jifc^fcHafflaHBttiS i CgELhfcGaNSMNi 
*. U>L&#£. SiC»&fcGaNm¥£#lfc-e 

<M^i»^<6. g a ummmiz? 

<7)®&i> i £te?&. SiC«»ottBjWaft*fcv* 
drifts. 

[ o oo 9 ] g a Nmmi^u-^m^<om2(rmm 

mt IX ■ ?7 r ^TWkt^G a N»*3iKl*xe 
f^isviVftLmtt.®. RI BE (RJSttW^yh- 

i^x7fy/)$ 4 r i e ($Qmi.*yxv4y7) 
mm*. 

[0010] 01 2ti H 54 X >y ^ V^K J: O^HMB 

Sr*t^WIS8lTiii0T& 5 . 
[00 11] i?, 01 2 (a) tC^-«kofc. t7r 
-<T&&21tf>(0001)ffl±k:, A 1 GaNA'77 
r!22, i-GaNS23, n-GaNl24> n- 
I nGaN^7-/i?KiLH2 5. n-AlGaN?77 
b'126. 1 nGaN3SBt«27. p-AlGaN?7 
Vh'S 2 8fc ±tf P -G a N 3 ? hi 2 9 

[00 12] -eoa, 012 (b) iZTjk-fXdiZ, RI 
BE&, RIE&^)h'7^X>y^-^ffitJ:0p-G 
aN3y^?H29Hn-AlGaN?77KI2 
6J:9.kl»*T'£x.y^y;j'U t/-7T4 7»£2 

i:te*f t x \mmm%x. y+ yymmA o timtt . 
<i i-20>*i6]{c4fft > ftl»..c:ox.y^y/{ffl®4 

OlrWiSSii: LTfflUS. ..... 

[00 1 3] VftLKtfh. 01 2(c*tfcl^:fri££ 
*5Vvt«, x -y ^ y ^M14 0*^7 r W T3£& 2 1<7> 
SlSi{c**l/C0~5- gSiHW\ x.y^y^{H 
M4 b***7r4 TWB.i 1 <^BBfc» UC«&bfci§ 



mtizzttzKz. town. ¥m\y- j fm<m 
m&tfwzu us "*fc. x.y 

[ 0 0 14] *wfo*>S«tt, g«<7>»;:*tl,TSi: 
[00 15] 

0 0 1} wc-ew^ra^ < 1 1-20 > IvWiZ 
W=5rMffi§Wt-sailll5*W$n, -9-7 r-f Tffig 

«5o±ffi±^ hwzm&<rtmnz. m®z-&&fr-o 
&< t 1 o**triMsnflMm»fMi*wj«s*i, an 

[0016] *WBfcff *^NIftW'mPlc*J.v^. 
l±. ^7r^T^<0±li±'5:^^^l5^{B!lcB±tc 

m<?>$m<nmmt < 1 1-20} iBx-fco. g-futij^ 

mWM<7> < 1 1 -20 } BB(i^7 r 4 TStgoD {000 

1 > mizmxmm^^ti, tJt^-c. ^r-f 
{c*f tTSit^^MM^issns. -e^m, 7.0 
[ 0 0 1 7 ] M^^f^frJto^+i^fci^ 

^figSfiS { 1 1-20 } S^^JgHSfi: tTfflV^TV^ 
[0018] t2flMMS»-«H ! tt';i 

7 aco^^t < 1 1 1 o**trtd 1 oaftM3R¥«fra^ 
*i emmmmmn « 0 0 0 1 > ate 
-ew® 1 nmMm&mn < 1 -1 0 0 > ^isitTfi 
M5^w-t-i»siisi5*«six. m 1 wa-fHiflmi 

c0^-^< 1 1> 1 ^>S-^t?^29M'fbfe^lf*l!&^^ 
$K SHa5cofl8ii±<om2^^^# : Hc€^iS 

[ 0 0 19] ^HHgt^S^^i^-lfS^tfev^ 



!(4) 0 0 0- 



183451 (P2000-18JL8 



mmcomfimt { 1 1-20 > b-c&d. ^com^m^ 
¥mwm<7) { 1 1-20 > m\tm<?)m%®mmm<r) 
{ 0 0 0 1 ) miz# ixmtL&B&ti . ifctf^ x . 

B2o™fc^#tt*?Mc i oss 1 v&mm 
&mo±M±<?)m 2 nm^mmmwm^mmm 
Lxmmmmmm^iih. *mm* *c-r 

c 0020 1 tfe, m2(om.m^m^M^^Mm 

UmzBf&ZtiZ { 1 1-20 } Ht^gSffii: LTffl^ 

[002 nm:, m.myr^rmmx'h*). m. 

gpc7)lfflffi!{^7 r -f 7««£> < 1 1 -20 > tTO •> 

offlffikum^ < 1 -1 0 0 > srw'tTff -eft 

tOO 2 2 ] *3'(^te«6i|«Wc^-1f3im4» * 

ftsi-u mnmfcw&mwmn i 0 0 0 1 > iat-e 
oss 1 aoflfterevfrao < 1 -10 0 > #iwc¥frar 

1 omimmmmco 100011 mmtis 

[ 0 0 2 3 1 *^BJ^s^«sP-if^-?{C*3V>t 

fciv mLkmf&zm&ivmmmmfcm±izz 
mi0mim^mwm<r> < 1-100 > arfotcw* 

1 ^fi^KMmfMK) < 0 0 0 1 > wzmmztts 
%2<r>mmmmmm$£ti.x\^. mmn- 
mizm^xm 1 ommm^mmco < 0 0 0 1 > a± 
\z&mhm2<nmmmmm<?>^m<mKmt 
\ 1 1-20 ) arcao, &2<mwm*mwm<n \ \ 
1-20 ) \mi<r>mifa%&mwm<r) \ 0 00 1 > uric 

■otS 1 OM4t3$!l&¥gftB<0 (0001) S±(3»« 

mmmm(o±m±<om 2 ^mm^^mm^m 

mizftLxmig&&mWtfBf8.Zti2>. %<rM8k. x 
[ 0 0 2 4 ] £2<^b8£^fMrc>ft£i9fc: 



a«tW8jfts*i* ( 1 1-20 > mzgmsmt txm^ 
x^zov. m<^mzttLxmg&mmzm 
izBm-hzttfx°z&tti>£. #&9a j i6]±-f£. 
[oo25j i«c, *»«-7 r rsirefc 0 . tm 

r -f T»K*> < 1 1 -2 0 > JiflfcWC 

SK^nnti^^ ssko < 1 -1 0 0 > ^isjCTff 
x-t>->xt>*\\ 

[0026] m<^^«S¥»*l'Mr*7«Wi 
-9-7 r-f rmWLff) { 0 0 0 1 > ItW7r 

•< < 1 1-20 > srtfeTtf^finiif^rfiasi 

[0027] *mizm 2 m#)/-v i m : ¥-<7)&mm 
iz&^xit, V7T4Tmmm±&t>v\iz®m0> 
m^zmm^tsmmmmwmtm^ixh . 
t7r 4 rm&mmcrmmuzm&mmm 
mm<r>mcnmmt \ 1 1-20 } ire* 0. afl* 
&¥3£fcJi<9 < 1 1 -2 0 > m\**ry r << rwm> \ 0 0 
01} mznixmrnzimth. ttctf^x. v?t 
a rmfcnmmcmmtnwmmmwmvyiimiz 

X 0-9-7 r 4 rS«tO±ffl±coM^^®*)iO^ 
[0028] iOJ: 0 fc. g-fb^m^frS^xe^^f 

^t/ns^ca^iis^i. < 1 1-20 ) 
imtLxm^hzbtfxtmx-. vyrirmm 
nm±*znLxmm:mmm*m,mm-z>zttf 

1 00 2 9 1 m5<mwmz>¥mft^-~ rm- <og&£ 

•iM'tjMU m i <oM-ft!tiim^fte<7) < o o o 
i ) mtztcom i oaMMN»wi<o < 1 -1 o o > u 
wz^$mzttz>®mzB&u mwmt® 
7^ftm±mm^Mzm£%mm±i<z. mm 

V>A<^5Sr-< t i> 1 o^^trm 2<7)g^m^*S 
[0030] ^^(C«4*»*V-f»?<0«tt*« 

*®OSI^OffiJBij±fc^-rS^2<0M^* ! t i ^«c 
W^iBcOB^i < 1 1-20} HT'ftO. S2<0Sft 

u 1-20 > ffiami^a^^i* 

®c7) ( o 0 0 1 } B£ttLTSK£JfcH-r6 . 



!(5) 000-183451 (P20 0 0-18JL8 



x. mirimmmmmnm&nmMzBmz 
nm2 rtmmmmmcomk x o m 1 mm 

£*t Lxmmt&mmmmh z b-wx-z 1 . . 
[003 1 j zo&oiz. m2ff>mmmmm(ox 
vfi*i/*iv>&mizmizBmix& < i 1-20)® 

£*t ixmm&mmzmmBfct s zbvxt 

v ^mmmmwv-^f m^zg^tzmm-z - 1 #-c 

# 6 t fcs 0 *J[6l±-r s . 

[00 3 2] si56 <D%pnm& i mftu~vm?c?>'m 

XM yw&<0&%< b i> 1 o£-£tf8 1 <?9B^ftjK¥ 

mmm&i. m 1 <^**2ftwwie> { 0 0 0 
1 1 mizwm inmwmmwm < 1 -10 0 > t 
mz^fft^zttimmBfti, mmm 
mAmwmm&mwmn (ooonicn 

4 yisv&<D>j?%<ti>i^zistjm2<7)mm&!m 

: 1 00 3 3 ] *mm&&^#i'-?mtt$mjim 

mBzzm 1 0m.w1mmw.mn < 1 -10 0 > m 

m< m 1 nmmmmwmv) < 0 0 0 1 > muzm. 

co-mizm->xm i cmmmmvmn < 0 0 0 1 > 
m±.izm-?m 2<mmmmm^wamni^ 
it { 1 1-20 } fflT'$>9. m2<7)g-(b^^fr*o 
{ 1 1 -20 > suss 1 <9g«&^ttJltf> {000 
1 > wztivxmmm^-t ttdfiix. m®*> 
suzwoxm 1 <?)g.ikm¥mftm<o < 0 0 0 1 1 m 
±m^it^m2<^mmjkmwmm^ r )^ 

1 ^Lfe^^*«^±ffi±^2^M^|i«#: 

mn&miztt ixmmmmmmm-& z t ¥x 

[oo34] z<r)i 0 iz.m2ff)m-nMm^i^m^ 
vf*is^)\,fmmz&®tzB&zti?> < 1 1.-201 m 
z*m%wtLxm^&ztvx'*h<7)x. wmmm 
mtxmmm^m^^zmmh z t 

Z&bb M=, ■#9*)tffti.'th. 

[00 3 5] 

[^BBOHMcOJg® ] 01(a).. ( b ) {i*^fi0S 
0 2 Ji^Sfi^#F%JtlOX^;W^-^>>'«jiHT' 



03{i*^Bgc7)m 1 cmmizmm 
m»u-^m^<7ymm^mmizm-?tzmm 
mwrnx-hz. a*. 2fityi*i«Sit&*fa£* 

[003 6] £1\ 01 (a) {C^rtiatTs 
7&KlO (0001) ffi±fc, RIES> RIBE& 

wop?>f xVf-y^m:* o&gsu o 0 

KH^10 0t008ffil 01fcJ;^lSffil 0 2fi^7 
747SfiUO<l l-20>^rr6j{cWi:-rs. Cltf>x 
yf-J^fcfcVvCtt, KH&l 0 OcOMffll 0 
Lt)-9"7r-f 72«U (0 ( 0 0 0 1 ) HfcttfCSS^fc 
.SiTC**jfiS8.Mrv^ fcfc'U mi 0 1 Ofgfl*** 
«W>ia-CGaN»2mW«I<0 < 1 1-2 

0 > BsW*S*l**'Cfc**aKOW»^QaN*|i 

[0 037] <^t. 01 (b) (Cl^rtiot, t7r^ 

twsl i <o±ffi±^fe^sna5 1 o o <mm 1 o 1 ± 
teii^Effli 0 2±fc*. w$3 0 0A<oryh'-7*oA 

1 G a N A «y 7 r ® 2 § 2 fx m(D i - G a 3 . 
f$3jttm^n-GaN|4, Jf$0. lxtmOn-I 
n 0 ., Gaj.s N^5>y^Kitl5, JfSO. 7/zm<^) 
n - A 1 o. , b G a 0 . 86 N ? 5 >y H« 6 , 
^#F%5£ii (JUT. MQWH3Uitli¥^) 7. 

0. 7jumOp-A 1 o., 5 Ga 0 , 86 N?7<y K®8, *5 
ilfJ¥$0. 2Mm<Op-GaiNay??hM9ZmiiZ 
XK?*isv)l>fmZit&. JUT. A 1 GaNA' 7 7r 
@2*^p-GaNrjy^^M9*T'5rGaN^» 
ft«15i:Df^. 

[003 8] ^rfc. nSHwN'yhtLTIiSi^fflV^ 

nj&m&b trtt, ^tf, mo.cvd^ (*«^js 

flSWWMHi««fe). *fc*4HVPEi6 (A>f 

[ 0 0 3 9 j 0 2 t^tX O fcs M QW^tl 7 {i. * 
$6GA<06><0A1 X Ga,., N (X=0. 03.)* 
flSMBS 1 fcffS 3 0 A<050<*)A 1 G a,_ x N 

( X = 0 . 13) 'MrHfFMS 2 b W££.lzmmZtlX 

.PRSI4WS.0 1 AmOG a N3K^ h'«8 3X*®$.1X 
TV vS. 

[0040] ^fc, 01 (a) OlgfcrtJV^Ts 3£l& 
1 0 0WS$ Hli. 01(b) <7>IgT'^Stl.l > n - 
Al 0 . 15 Ga M5 N?77HI6Hn-G'aN3^ 

MnPl 0 OOicffll 0 2±.tzB&i.%tl& p — GaNny 
^ ^ b« 9 cOJbfficOfig^7 r -f T»« 1 <0±;ffi±fc 
n - A 1 o. , 5 G a o . 8 5 N ^ 5 -y h* Jl 6 WTffl 



8(6) 000-183451 (P2000-18JL8 



t do 41 ] &±c?>xmz£ o g a nmmwm 1 5 

ri*gfij££#fcSi!& 1 0 0 OMB 1 0 HCGaN^ 
^gftll 50 { 1 1-20 } ffiAWSft*. £c7)Ga 

N&¥gttJii so { 1 1-20 > mit. ^ryr-irms. 

10 (0001) ffi£tttT^£Sfffc)fcR-f 2>, . 
[0042] <KK. 03H3jrTJ:3{;:. p-GaNny 
M9H n - A 1 o. , 6 G a 0 . 85 N?y>y ffSp & 

G a 0 . 85 N ^ 7 >y K16 SrStBS-frS „ 
[004 3] p-GaN3y??hJg9Ji0m 
ffi$J&II$fc<i:tf n - A l o. is G a 0 . 85 y * F16 

hJg9tf)J:K. P -GaN3y??M9Kn-Al 
o.i5Ga 0 .8 5 N?7-y Kl6it<0Mffi^^>tXtn-A 

1 o.i5Ga 0 .8 5 N^7»y KJff6«>JJBfc S i 0 2 
.fe*6le«Rl'0*JBlW-4. 

[0044] P -GaNriy^^h«9cOl|{ti 

Ltzmm$MHi±£pnmi izb&l. n-Ai 

o . 1 6 G a o. 8 6 N ? 7 -> K« 6 O^ffi t liWSKMffl&k 

[ 0 0 4 5 ] ^IM^^Wt^-iP^Oi^^ffiti 
tJ^TJi; U2cOJ;ofc. G a Nm¥*Wf 15«6Si 
kfi'+fci ?7 r 4 Tffig 1 <9&l£gB 1 0 0 tfJilB 1 0 

i iJbc* t7T i Co ( o o o i ) tst« lt^s 

■^■tcSBar ( 1 1-20 > B*«§*t*. 
gUgfl 1 0 OOffiSB 1 0 1 ±OG a N^¥^#:J1 1 5<9 
{ 1 1-20) B^ftSSB2 0 0i:fCfflV^C:i:*^r 

■■Mr*'. 

[0 04 6] -KOi^C. GaN^¥^f*«l 5<0^a 

-■jsifeit*fcB«fc*jssti* { i 1-20 > m*m$m2 
r^rms.i<o ( oo o i ) ffiK#LTSi#£fg2iffi 

2 0 0 Zg%lZ&fcfl £ fctfTS * . 

[0047] xn-7W)«< , LSvvfi 
G a NSMNWSl'-- f m?t:®M>£n 

[0048104 {4*7 r -< T J: V*<Q±.lzBi8. 

'•&.-.. 

[0049 ] 04 fc^H-J: p tc. f7H 7*3£«iJJ:t/ 
Ga N^##ii^ i ltfftm?$> *.. -9-7 V -f 7* 

*Rfc GaNi^«cifcia; ms&wps o- m 

tv>*. [1 1-203 m 1-21 iol.£A. [-12 
-10 ] m [-1-12 0] #i»K [2-1-10] 

. 1 1-21.0] *-i6j*^«^Hi'fiT'i> o . -mm 

<1 l-20> X'mZtlZ>. tit. [10-10] 3fr|6k 
[01-10] i£|pk [-1100] jM; [-1010]'* 

i o-i i o 3 ufatsxv [l-ioo] jjfiummtc 



Wi:ffltr*.o, -st^te < 1-10 o> x-mm. & 

^7r4T^fcJ:tfGaN3^ftJli:i>t;: < 1 
-t0O ) jBTA»*BU'**V». 
[ 0 0 5 0 ] 05 ( a ) ... ( b ) l&g&SOff 2*>£ft 

gBfffiS-t*)*. 05J4¥»ftl'-^ : f*£8I 

[005 1] £1\05 (a) fc^ti^fc, 
T»R10> (0001 )®±fc. JS§300A<7)A1G 
a N^n' -y 7 T M 2 J3 i tflf $ 2 ju m£> i - G a N Jf 3 £ 

RIESL R I BE^<0H7'(X>yf-y ^tiOS 
HgB3 0 0£$j£f*. giUgPSOOcOffiJMSOlfcJ: 
t/®H3 0 2149-7-M 7*S«ltf> < 1 1-20> 
ffittS. S^gP3 0 0coMffi3 0143i 

1/S3H3 0 214 i -GaNf3W < 1 0-10 > "fifth*?- 
'iflzKl. £c7)X-/^-y^tt5V%T«. &HSB3 0 0<7) 
ffl!iffl3 0 1 {ii^-f I t-t7 r W T«K 1 <0 ( 0 0 0 1 ) 

miztfLx&kizm.x'b&&g\&&\ Jt*fu Hffl 

3 0 1 ««*^*.V^*&fctt. mXUX'G a 
^«t«c0 { 1 1-20} tX-lZfo I 

^(OGaN^^^^JS^**^^**^ 
Mffl3 0 1 .<b«i»*-c* *^'tt«lx* £ ttmt L\\ 

[00521 BIT, A lGaNyN'.»/7rJI|2*$J:tXi- 
G a NB 3 (&m 1 <9G a N%¥«^i 1 6 k 

[00 5 3] 05 (b) tZW<t XoliZ. i-Ga 
Nl 3(0±S±'5r fetXtCgH^ 3 0 0 <D$M 3 0 1 ±.# 
<ttXJ£ffi3 0 2±t:, n-GaN'Ji'4 s n-In, ; , G 
a„. 9 N^9-y^R6±fl5. n-Al 0 , 15 Ga 0 , 98 N? 
7*yK®6\ MQW?S3fcl7, p-Alo.i5Ga 0 . 85 N 
9 9 y P»8i3 il/p - GaN3y??hS9 SrJltx 

e^^^^jas***. MQw^i7oiim(i, 0 

2K^tfcflliattR»T**. *«3~9<0W§J4. 0 
l<O#S3~9<0W$fclRiaiT'*l.. WT. n-GaN 
«4*^p-GaN3y^^M9*t'Sr^2^GaN 

1 0 0 5 4 ] JjLtOlSfc J: 0 . H2 WG a N&¥8ft 

1 1 i<mm&Mz®m!i>3 o o<nm3 o i±k^ 

20GaN^^«c® 1 7<0 < 1 1-20 > ®*MS^t 
£<7)S2OGaN^*#f*«17<0 {l 1-20 ) H 

ii. -9-7 r >r rs« 10(0001) mts i<og 

a K%?mffla 16CO (00 0 1 ) Mfc^LT^fcS 

fifcrkit i. ... 

[0 0 5 5] 03ti*L5tJt3te. p-GaN3 
K19 56*^> n - A 1 0i 1 5 G. a 0 . 8 5 N 9 7 «y HJ1 6 
tX'0--&m&Z2. -y ^y^t i 0^* n - A 1 
o, is G a 0 . 85 7 -y b'A 6 S-StBS-ti-*. 

[00 5 6] $<oK. p-GaNny^^hg9±«0m 
tiBftiMWMJil^n - A 1 0 . 1 5 G a,. « 5 N ? y «y YM 6 



nm&CDmftm&mt&t'M^ P - G a N 3 9 
H«9<9±ffi. p-GaN3 WM9Kn-Al 
o. 15° a o. 85.N^ ^ «y HB6 *T'<Oiaiffl^f>mvn -A 
1 o. 1 5 G a 0 . 8 5 N ? v «y HJf 6<9_hBfc S i O, m& 

1.00 57] p-GaN3^^M9«0^aj 
Ctti^jfcmtfcpS&l 1-*JM'U n-A 1 

tcnmm 2 £^i£fi>. 

t o o 5 8 } ^M09«o^^--»f s^^aBi*ac 

(Oe^ft4«C m 1 <9G a Nj^ft/I 1 6 <OgHgii 
3 0 0 <7)HIH3 0 1 ±t . r TS« 1 (0 ( 0 0 0 
1) m&XVmi (OGaNimi 16tf><0 0 0 

i ) wtwUT^ts®5r { 1 1 -20 ) mmmti 

S. Ifcff'tX. SHSI53 0 0OMiii3 0 1±<7)lg2O 
GaN^^#ll 7C7) { 1 1-20 ) ffl^ftjg||li2 0 
0i:LTffi^&;:fcrt f 3jfl&fc&!». 
[00 5 9] iOiat> B2<7)GaNm^#:ll 7 
<7)«Sa^mce^{^$^l> { 1 1-20 } H^^JS 
S§iB2 0OfcLT;mV££fc#T#S<D-C\ ttftAAffc 
OX >y *y /^#1P?coaSt^Ig&m^S ■£ i; & 

<. t7.r-f«ili<) (oooi) m&xvt&ioG 
aw^mtmi 6o (oooi) ®tc*tvcsa$£ 
. 2 o o i h a . 

[0 0 6 0] iu3-:r»*jOTS<» USV^ffl 

[00 61]**$, •H5*MWt««i. ffiRt 

oc. siom.<$<m<7msLzm^xi>x\,\ sic 

£f££fflV>£«£. gHig|53 0 0OHJB3 0 1 *5«fc tflg 

mi o 2«s i cmm> < i -l o o > -nmz^ t? 

[00 62] 06 (a) , (b)ti*^BJ^3^^SS 

[0063] t-f % 06 ( a ) iZTx-t X d fc. If 7 r 4 
TSKIO (000 1 ) ffi±tc, Jf$300AOTyK 
-7V)A 1. G a NA*7 7 r/f 2& J:tflP;* 2 mtf) i - 
GaNJiS:xe^^^;Hg^$^5. EB& 

(m^t-A^S) 2*:{iC VDS; (tt^sasj** 
i£) tCi.D.i — GaNJi3±fcS i Q 2 B85r^J&L. 7 
> f U V^57 4 ii±tf7 yS^X yf-y^t-i: £X 
vj-yftrfiW i-GaN«3±<^^j£»^ 

Mats i o 2 m 0 

[ o o 6 4 ] #s i o 2 . 113 ocom^mfmigmw-in 

3 2tt; ?y tA rm. l <o < 1 1 -20 > ^fifc^frfc 
•TS. S iQ 2 H3 0O@D«:, ^^y^^^fc 



(7) 000-183451 (P2000-18JL8 

Si0 2 lS3 0OS^{i:0. l^umt^&ZtWIfr 
tt\\ A l GaN/\'«y7rfl2t5j:lXi-Ga 

N« 3.£Stl 1 <DG a N^^^Wf 3- 6 i: Dfcfc. 

[0065] ifcfc. 06 (b) fcjjVtJdte. i-Ga 
Nl3±fc. JS§5Mm~l 0xxmgg<On-GaN« 
4,J5$0. ljum(On-lDj,i Ga 0 . 9 N?^>y? 
BfclfcJl5, Jf$0. 7Atm<7)n-Al 0 ,, 6 Ga 0 . a 5N^ 
5>yHJ16. MQWf&3fcl7. JfSO. 7/zm<9p-A 

Ui5Ga 0 . 85 N:?5«yFJ!8 v JfSO. 05jumtf)p 

s. s i o t 183 o±fcttHfc/,in&iWt£ 
a i *&ttmzm^mm3 umis. 
MQwmM7<7)®mt. m2iz^it:mmt 

mm'*>&. BTF, n-GaN«4*»ii>p-GaN3y 
* ? M 9 fC^H 2 COG a N&¥#ft® 3 7 1 Bfcfc. 
[0066] *fc. f ^fcfeV>-C«MQW 

I65£17, n-Al 0 .i 6 Gao, 85 N^5-/K«6fcJ:^ 
P - A 1 o. , 6 G a 0 . 86 Ni? y <y H«8^H®W(=^C 
%*-flt:lb. Si0 2 M3 0±O^^i3 1O±« 
#n - A 1 o. , 5 G a,. 85 N 9 9 -y HJI 6 OTffi^U* 
V^5{Cn-GaN®4*^p-GaNny^^h®9 

t -cows sifters. 

[ 0 0 67] fiJLhOXgtiO. B2<0G aNlW* 
«3 7<7)fe B ^^tpfc:#S i 0 2 1S3 0cO--ja3 2K?B 
-?Tm2<OGaN^#f4:S3 7CO < 1 1-20) Wfrh 

7co <i 1-20} Hfcju ^r^f rs«io (ooo 
i ) m&£vmi<oGaNmmwm3 6co (ooo 

1 ) Mti^tT^fcSSfcBSt^-fS. 

[0068] fcte, 03^U^J:atC, p-GaN3 
y^^>«9*><c>n-Al 0<16 Ga 0 .85Ni77-yK«6 
*-C<O-a5^SrX.yf-y^fcJ;0^L, n-A 1 
o. 16 G a 0 . 85 N ^ 5 y VM6 ^JB^-lirS . 

[0069] P -GaN3^^M9±^)i 
ffi^^^iS J:t^n - A 1 o. 1 5 G a 0 . ss N ^ 7 «y 6 

conm&Mmm^x, n^m^^fo^nxx/p 

nWfeco&ftBZfm-t&tzMz. P -GaN3y?? 
f«9<0±®, p-GaNa^?M9.Hn-Al 
o. is G a 0 . jb N 9 V -/ h'l 6 * 'C'<7>®IE ; 5r ^»mCn-A 
1 o. lsGao. ss 5 -y HJI 6tf>±fflfcS i 0 2 }^*» 

^s^jsio^is-rs. 

[ 0 0 7 0] mmz. P -G a N ayf? >«90^tB 
t^H^Jg^^Uit PSfii 1. 1 ?r^L. n - A 1 
o. 1 5Ga 0 .85Ni?7-y m6C0&&lti , mBm&k 
fch^il 2^»JS^S. 

i o o 7 1 ] ^mMmmwv-^mi-commm.^ 

fcV^Tji. JJEOidfc. ^20GaN^^)i37 
<7M3$M:Mz. #S10 2 }S3 0O-ja3 2(C^fc 
^2<OG a N^#*l 3 7^MSgffifc1f 7 r 4 T»IR 



i(8) 000-183451 (P2000-18JL8 



i <6 ( o o o i ) m&xvm i <og a N^^ftig 3 6 
<o ( 0 0 0 1 ) m^ntx^zmm: < 1 1-20 > as 

mmtlt, Lfc#oT. &2cDGaNi&¥e£{*:Jl3 
7e0 { 1 1-20} B£&ffiSlffl2 0 0fc tT/B^&<rfc 

[007 2] icoidfc, ^2<DGa.HWmWmSl 

m&f&miz&mzB&ztii {11-20} mzim 

31® 2 0 0 b VXm^hZ t #T'§ SOT. Hhftlft^tt 
aN^^#frJI3 6(0 ( 0 0 0 1 ) Mfc^LTHE^ 

«HH2 o o£^c0j£-rswfc#n:'#6. 

[0073] -ewtem. XD-7l$4 5 g< . tt^m 

nmm&ztiKm&)s-y ! m?z®%izfth zb# 
T'# h 1 1 uz. m o #fo±t* . 

[00 74] mmcmimtez. wtjtw 
^±.\,zm.m-mw.v— m^mt^m. ®«<o 
zmiku-y'mzyj ^ymizx o^wtt* . *(o 

^JfcMWalf 2D<0S i Q 2 I^MU H&(0¥ 
f^^Srfmt^m. S i 0 2 M<04"^W 
xy\^g|^S. -eixfciO. 06 (b) tiJ:DtH3i= 

1 0 0 7 5 ] fcfc. 06(Ol?Sfefi»K'<i. *t£i: LT"9"7 

OCv SiC»K^(Oflfioa«Srfflv^Tt«i:v^ SiC 
fflR^fflv^^-Wi. &S i 0 2 ®3 om^ffi&M 
i^— iS3 2iiS i CS«C0 < 1-10 0> SrfiCTfTfc-f 

[00 7 6] 06(OSiO 2 ffi?3 0<offcb9£. 

a 1 2 o 3 . si Nmcom<r>tmmzmni>i:\\ 

[0077] ±121(5 1 . SS2 1> itf JS3 cOHSfiWTJi. 

u-yi^®igitiS:irrs^^-r3g^coffi 

[0078] 07 fcilX08(i-fe^7T7^ y^fJgSrW 
-rs^«tl—ifS^<OlSm*a^^^WISBfBa 
0-C&-5. H7fcJ:V08(i^^— rm^FW 

[0079] 01 (a) „ 05 (a) SfcttGftS. (a) 
(01g(0&, 07 (a) (i^-tidt^ i-GaNI3 
±.lZ, n-GaN14> n- I n 0 .i Ga 0 , 9 N?y*v ' 
m±M5. n-Al 0 . 15 Ga 0 .85N^7<yKil6; M 
Q Vfmm 7 . P - A 1 o . , 5 G a „ . 8 6 N H 1 7 y >y Y M 
8a*Jit^n-AlGa Nm&7*U >y 9 M 1 8 ^WIKX 

[00 80] p-Al 0 , 15 Ga 0 . 96 Nil^57h')|8 
a(0J?*W#>0. 1~0. 4/zmSSi: : ri>. tfz. n 



-A l GaN«^:/n>y 7^8(0^120. 5wmg 
ffifc-tS . n - A 1 G a N€SI7tt -y 7J1 1 8<0A 1 ffl 
j£l$P - A 1 o. , 5 G a 0 . ss NS& 1 7 y >y YM8 acOA 1 
M«J: 0i^<-rS. #WCtt* n-A 1 GaNmSS 
7"o«y^^l8<OAlffi^(iO. 2 Off 6. 
[0081] &JI2~-6cOJS$tt. mU &2t 

izm3(ommmbnmx'i> o » MQwmM7<mm 
um2tzjjkLKffifcbm®Tfo&. 

[00 821^, 07 (b) fcScfiofc. n-Al 
GaN«SE7*n«y ?M 1 8±(0©2 jumH£(0X h?>f 
rftcOfl^l&VvC n - A 1 G a N^SS^U y^H8 
±£N i (0^-iTf ) MKU R 1 

^^■y^vi-yym) tfcliR I BEft (Rl5tt-f >T 
yh'-Ax .^y^ft) izX 9 n - A 1 Ga N«857o 
>y7«18^X-y^-y^-fS„ -?"tltJ;0> n-AlG 
aN«SS7'n>y^]il 8{CXK7^7^«omPg?jWg^ 
Sit. P - A 1 o. i6 G a 0 . 86 1 ?y >vYM8 acOg 

2 /t mgg<ox h y a 7yz<m®tfm&-t h . 

[0083]i&VvC, NiVAiZft&ltz®. &7 
(c) (S^fidC n-Al GaNmSlT'O-ycJ'JIl 
8±^«t^p-Al 0> i 6 Ga 0 . 86 N||1^7-yK«8a 
cOAh^'fT^cO^Jiit:, p-Al 0 , 15 Ga 0 . e5 Nf 
2??>y KJlSbiJitfp-GaNny*? h^9$rJjl 
fcxe^df^/^ft$-ii-S. P-A1 0 , 15 G 
a 0 .85NHl^^'y K^8ai:p-A lo.15Gao.85N 
852 ? 7 >y H»8 b fc (O^ti-^Jf S ^ n - A 1 0 . 15G a 
o.85N^7>y Hfl6<0ff§tl^Saf (mtfO. 7^m 
JJLL) p-GaN3^7M9(0f§ll IS 

K m2^^ttm3<OHII^i:^«-C*^. 
[0084] <^fc. 08 (d) IZm-rXoiZ. P-Ga 

mv?? Ym9±jm^mzn i -7x9 (m^t 

•f) P -GaN3WM9Hn- 
In 0 .i Ga 0 . 9 N^7-y^g6jhS5^-C<0-SpTS^ 
R l E&aftteRrBE&fcJDx-y^y^l/cBfc* 
U n-GaNl4«?«. 
[ 0 0 8 5 ] ±f2<OX>y^-y:7'<7)^ N i 
U 08 (e) ^-Tidt. p-GaN3yf?M 
9±tpm®l n-GaN®4<OHajt3t 
»niil2Jf^. 

[ o o a 16 ] m i > % 2tt:\im 3 commmwrnmuwi 

m7& J:l^08<O^;P7T5'f i^gj§<0¥#^-1f 
iR^tciiffl t, % Mb q b «^OX >y ^K^^ 

#IS^<0Sil^IgSrfflvM,ii:=3r<. ^7r-f TSfe 

i <r> < o o o l ) wszft \^xm?£m8m*®%>Km 
$&hz.b-$x%h. 

[0087] >e<o*SJiL xD-r?»*<ia< , L#v^<i 

W8tm&zn*: i mwi'--9 c %?*®%izn?> zb# 

X-%&bbblz.&8Wft±.-t&. 
[0088] 09te>J >yi^£m£#t&¥##l' 
-if^ioiyg^fflfc¥4T*^K:»o ^^iWffffi0 



!( 9) 0 0 0^1 8 34 5 1 (P20 0 0-18JL8 



1 o o 89 ] m<o^ft>-imfr)Wmiz\i; m 

1(a) , 05 (a) it;im6 (a) i 
-GaN|3±C, n-GaNI2, n-I n 0 .i Ga 
0 . 9 N^7«y^Rfiihl5, n-Al 0 , 15 Ga 1>85 N^7 
•yK16. MQWmM7. P-Al 0 ., 5 Ga 0 . 85 N^ 
7>yF^8t5itXp-GaN3>-^^M9i&)«^x^ 

[00 90] fcfc, &12~9?>JiSH3§L 3522*: 

tern 3 mmt mmx'b o . m<jwsbot i mmt 

02 fc^Lttt&i: s . 

[0091] p-GaNny?:? Wf9±<OXh 
747#<0^fcXb747#<9Ni7X? 

1* ) £»J£U RIEffit^ttRI BEStiO. P- 
GaN3>^^b«9t5j;^p-Alo.i6Gao.85N^ 
5 >y h*il8 £x >y f-y^-tS t ZtllZi. *) % U «y ^gp# 

[0092] gft vc. ±I2^N i £Bfc£U:&, 
P - A l o, , 5 G a o. 85 N ? y >y YM 8±<9)9r£fS$£B§5 
^Tp-Al M6 Ga 0 . 86 N?7 7 HJB8*5j:tfp-G 
aN3y^^.M9lt:N i (0*t*-f) 
U p-Al 0 . 16 Ga 0 . 86 N:?7>y HI8Kn-Ga 
N»4 &?CD-mm®ZR I EjfclfcfcteR I BEftlCi 
0X7^-y^LT#*t, n-GaN/!4£SSai$i2: 

[0093] ±lgOX>y f-y^ N i 7X7 
U p-GaNny?? WI9<9±Bi3,i:tfn-GaN 

miowmi&Mmim^x . y >y ^s«, p - 

Al, ; .i S Ga,. 86 N^5-y HJB8^H*»±iB, n- 
GaNJl4<?)J:E. fcAt/p-A 1 0 . 15 Ga 0 . e 5N?5 
>y HS8A^n-GaN®4iT«0iiffitc:. EB&2£ 

lie v DaKi 0 s i o 2 IS 1 9 . 

[00 94] -£0&. p-GaN3^?b9i(:pI 
IlltjMU n-GaN«4c7)SliUL^ffi^n« 

[o o 9 5] mi, %2 ttdim3<omikmm&im 

(oooi) mzft\sxmw£^w%^mm 
[0096] -e<of£3L xu-rmim< . t*\m 

[Hi i *mnminmmMizi$vz>¥mtei'— m 



[02 ] 0 1 co^ftcw—rs^fctJtti. m cwmm 

[03] ^m^m\<r>mm\,zmh^m^— m 

?<r>mmw£?miiMzm^tz&£miffimT*> 

*>. 

[04] vyTjTm&ivznitzmmtikG* 

[05 ] *^com2<OHM«C*3ftl>^f*tl'-if^ 

^coiBi^^*'r«^wxsisfffi0-cft h . 

[06 ] *7^^3<onjfi0irfefti»^*w-i^ m 

[07 ] ^7754 ^^fc^-tS^ftl'-fS? 
oSBt*&§^-m«WlS»iBD0-Cfc§ . 

[08] -1:^775-* >ffi&£#-f&^{^-«f 
<^^£^t^W:Og»riB0Tfc£ . 

[09] y>y^sffii«§^#rs^!f*i^-^^o 
*mmiz¥ft%ijfom^KmMWim®~ch&* 

I 0 1 0 ] -9-7 r 4 TSffiCfcitf G a N^^lcO^ 

[011] v?T47mikmfcizhfcG*Hmm 

[01 2] fi^OGaNi^^P-lfS^SJg^ 
^*-T^WlSlffBn0-CJ)S . 
C^^iJiBH] 

1 *T7tATW& 

2 A 1 GaN^77Ti 

3 i-GaNl 

4 n-GaNi 

5 n- I n„. i Ga 0 . 9 NfyvtffijtM 

6 n-A 1 0 . 15 Ga 0 , 85 N?77 KJi 

7 MQWfBte® 

8 P-A 1 0 . i 6 Ga 0 . 85 N?5>yKJi 

8 a p-Al 0 . l6 Ga 0t86 N^175>yHa 

8 b p-A 1 0 .j5Gao. 8 6N^2^7'y KJB 

9 p-GaN3^?M 
1 5 

16.36 sn i (nmmmmm 

17, 3 7 ^2<OM^5^(*Ji 

1 8 n-AlGa N^SS/n * ?M 
] 19, 30 SiOj IS 

10 0. 3 0.0 SUSP 
10 1, 30 1 (MS 
10 2, 3 02 JSK 

2 00 



0 ) ) 0 0 - 18 3 4 5 1 ( P 2 0 0 0 -1 8JL8 




» 11 



(ift 1 ) )00-l 83451 (P2000-18JL8 




(H 2 ) ) 0 0- 1 8 3 4 51 ( P 2 0 0 0-18JL8 
101 21. 









-^—27 




^".25 










(1120) 


^ — -Zl 






— ©. 
<1120> 








Cb) 




y2f 


40 










27 
-25 




Kir" 

-* — -22 


11120} 


—21 


M1T00) 


<1100>- — 


— 0. 
<1120> 







X 



